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ABSTRACT: 

A portfolio management system (PMS) is disclosed that allows users to manage, create, edit, 
debug and compile software portfolios that can include several different types of components, or 
projects. For example, projects can be Java applets, standalone executable programs, image 
files, Java class libraries or remote Java applets. The software portfolios and/or their constituent 
projects can be stored on the system hosting the portfolio management system or on any remote 
system that can be accessed via the Intemet using standard Internet communications protocols, 
such as FTP or HTTP. The PMS includes portfolio files, each of which includes links to the 
projects that compose a portfolio and project tiles that set out the attributes of one project The 
PMS also provides portfolio methods that allow users to create, choose, import and remove 
entire portfolios and project methods that allow users to create, import, choose, edit, remove, 
run. copy and paste projects. The contents of a particular portfolio or project file determines how 
the PMS implements the aforementioned methods. For example, if a user v\rants to import a 
portfolio from a remote system, the PMS invokes an integrated Web browser, which downloads 
the desired portfolio onto the local system. The PMS also allows users to publish portfolios and 
projects onthe Intemet to be used by others within certain limits set by the publisher. For 
example, the publisher can restrict copying of source programs while allowing copying of 
executables. 
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(57) A portfolio management system (RMS) is dis- 
closed that allows users to nnanage, create, edit, debug 
and compile software portfolios that can include several 
different types of components, or projects. For example, 
projects can be Java applets, standalone executable 
programs, image files. Java class libraries or remote 
Java applets. The software portfolios and/or their con- 
stituent projects can be stored on the system hosting 
the portfolio management system or on any remote sys- 
tem that can be accessed via the tntemet using standard 
Intemet communications protocols, such as FTP or HT- 
TP. The PMS includes portfolio files, each of which in- 
cludes tinlcs to the projects that compose a portfolio and 
project files that set out the attrtoutes of one project. The 



PMS also provides portfolio methods that allow users to 
create, choose, import and remove entire portfolios and 
project methods that allow users to create, import, 
choose, edit, remove, run. copy and paste projects. The 
contents of a particular portfolio or project file deter- 
mines how the PMS implements the aforementioned 
methods. For example, if a user wants to import a port- 
folio from a rennote system, the PMS invoices an inte- 
grated Web browser, which downloads the desired port- 
folio onto the local system. The PMS also allows users 
to publish portfolios and projects onthe Intemet to be 
used by others within certain limits set by the publisher. 
For example, the publisher can restrict copying of 
source programs while allowing copying of executables. 
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Description 

The present invention relates generally to file and program managers and particularly to a software development 
and file management system that enables users to create and work with portfolios of files that are distributed over the 
5 Intemet. 

BACKGROUND OF THE INVENTION 

The present invention is an improvement to conventional programming and file management systems. These 
10 conventional systems albw users to create, organize and compile program components (e.g.. program source files, 
class libraries, data files) from within a single, consistent environment. For example, a typical prior art programming 
environment might represent different programs as folders in a graphical user interface and a program's components 
as icons of different types in the program's folder. These conventional programming environments also provide ease 
of use features, such as allowing a user to copy one program component to another program's folder using simple 
menu or nnouse commands. 

These prior art software development and file rr^nagement tools provide support for local program components, 
which are files that are stored on the system hosting the software development or file noanagement system. For ex- 
ample, local program components might be files stored on different nodes of a local area network or files on a single 
standalone computer. However, the prior art systems are not Internet-enabled. I.e., they do not alk^w a user to assemble 

20 programs from components that are distributed on diverse Intemet nodes or to downk>ad entire program fokJers from 
another Intemet node. Moreover, the prevk>us generation of software development tools do not facilitate the creation 
or importation of software components such as Java applets (stored locally or on an Internet node), whk;h are an 
extremely important medium for distributing platform independent executable progranw over the World Wide Web. 
The World-Wide Web ('WWW') links many of the senders making up the Internet, each storing documents identified 

2S by unique universal resource kx:ators (URLs). Many of the documents stored on Web senders are written in a standard 
document descriptkxi language called HTML (hypertext markup language). Using HTML, a designer of Web documents 
can associate hypertext links or annotations with specific words or phrases in a document (these hypertext links identity 
the URLs of other Web documents or other parts of the same document providing infomr^atkxi related to the words or 
phrases ) and specify visual aspects and the content of a Web page. 

30 A user accesses documents stored on the WWW using a Web browser (a computer program designed to display 

HTML documents and communicate with Web senders) running on a Web client connected to the Intemet Typk:ally, 
this is done by the user selecting a hypertext link (typically displayed by the Web browser as a highlighted word or 
phrase) within a document being viewed with the Web browser. The Web browser then issues a HTTP (hypertext 
transfer protocol) request for the requested document to the Web sen/er kJentified by the requested document's URL, 

35 In response, the designated Web server returns the requested document to the Web browser, also using the HTTP 
The standard HTML syntax of Web pages and the standard communk;atkxis protocol (HTTP) supported by the 
WWW guarantee that any Web browser can communicate with any Web sender. However, until the invention of the 
Java programming language and Java applets, there was no way to provide platform-independent application programs 
over the Intemet and the WWW. 

40 Important features of the Java programming language include the architecture-independence of programs written 

in the Java language, meaning that they can be executed on any computer platform having a Java interpreter, and the 
verifiabiltty of the integrity of such programs, meaning that the integrity of Java programs can be verified prior to their 
execution. A Java program verifier determines whether the program conforms to predefined stack usage and data 
usage restrictions that ensure that verified progranns cannot overflow or underflow the executing computer's operand 

45 stack and that all program instructkxis utilize only data of know data types. As a result, Java language programs cannot 
create object pointers and generally cannot access system resources other than those resources which the user ex- 
plk:itly grants it permission to use. Consequently, when one or more code fragments are downk>aded to a client akxig 
with an associated form or image file, a Java-compatible browser running on the client will be able to verity and execute 
the downk>aded code fragments needed to display the image or fill out the forms. However, no Java-compatible browser 

so provides any kind of programming environment; instead, browsers are strk:tly directed to end users browsing existing 
HTML files and using the referenced Java applets and image files. 

Thus, there is a need for an Internet-enabled programming environment that allows a user to assemble programs 
from components that are distributed on diverse Internet nodes or to downk>ad entire program folders from another 
Intemet node. There is also a need for a software development tool that facilitates the creation or importation of software 

55 components such as Java applets (stored locally or on an Internet node). Ideally, such an Intemet-enabled programming 
environment would be integrated with a Java-compatible Web browser so that any Intemet and Web servces required 
by the software devek>pm6nt system couki be performed by the Web browser. 
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SUMMARY OF THE INVENTION 

The present invention is an improved software development and file management system that meets the needs 
set out above. More particularly, the present invention is a portfolio rmnagement system for portfolios of software 
5 projects that are distributed over a set of networked computers connected to the Intemet. Portfolios and their constituent 
projects can be thought of as directories and files, respectively. This portfolio management system is resident on a first 
computer of the set of networked computers and includes a set of portfolio files, a set of project files, a portfolio manager 
and a Web browser. 

In the preferred embodiment, a portfolio file represents one portfolio and includes respective references to members 
^0 of a set of project files. Each of these references can be a file name when the project file member is local to the first 
computer or a Web page URL when the project file member is remote from the first computer Each member of the set 
of project files specifies the attributes of one member of a set of projects associated with one portfolio via the associated 
portfolio file. The portfolio manager includes a set of user-selectable portfolio methods that are configured to process 
portfolios based on infonnation in the associated portfolio files. The browser of the preferred embodiment is empbyed 
by the porttolb manager system to download to the first computer selected remote portfolio files from the Intemet as 
those selected portfolio files are needed by the portfolio methods as they process portfolios. 

The preferred embodiment can additionally include a user interface that is configured to display portfolios, including 
the projects composing the portfolios, in a consistent fashion that is independent of the kx^tion of the portfotbs being 
displayed and their constituent projects. The portfolio manager user interface also is configured to enable user inter- 
ne action with the portfolio methods so that the user can determine and nnanipulate the displayed portfolio using those 
portfolio methods. 

BRIEF DESCRIPTION OF THE DRAWINGS 

2S Examples of the invention will be described in conjunction with the drawings, in whbh: 

Figure 1 is a block diagram of a computer network showing details of the memory and display associated with one 
of the networked computers. 

Figure 2 is a data flow diagram illustrating the processing steps performed by the present invention following the 
setectk>n of an bon from the toolbar 
30 Figure 3 is a figure showing the data structures empbyed in a preferred embodiment of the Java Workshop. 

Figure 4 shows instances of a portfolio manager menu and a submenu associated with one of the portfoln manager 
methods. 

Figure 5 shows the structure of a porttolb file that is empbyed in a preferred embodiment of the Java Wbrkshop. 
Figure 6 is a depbtbn of a display window generated by the portfolio manager of the present invention where 
35 some of the displayed components are beat or remote to the computer displaying the portfolio manager window. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to Figure 1 , there is shown a computer network 100 with at least three computers: A 102 A, B 102B and 

40 c 102C. Each computer 102 includes a processor 104, a memory 106, whbh could be a fast, primary menrx^ry (e.g., 
a RAM) or a slower, secondary merTK>ry (e.g., a hard disk drive), and a display 108. The computers 102 operate in 
accordance with well known computing principles (i.e.. each computer 102 executes programs in its memoty 1 06 under 
the control of an operating system (not shown), which provkjes system servbes for the executing programs). In the 
preferred embodiment, the interconnections 103 between the computers 102 are provbed by the Internet, although 

4S the present inventbn is also applicable to any environment wherein networked computers can communicate using a 
standard communbatbns protocol (such as HTTP) and wherein platform independent programs can be downloaded 
and executed over the network from within browser software. For the purposes of explaining the operation of the present 
inventbn, it is assumed that there is no network operating system that coordinates file exchange operatbns between 
the three computers A. B and C. 

so Details of the present invention are now described in relatbn to the particular implementatbn shown in Figure 1 . 

In this implementation, the user interface of the present inventbn is embedded within an applbation called the Java 
Workshop (JWS) program 150A, whbh. among other things, aibws users to organize executable programs (Java 
applets and standabne executables) and non-executable files (image files and Java class libraries) into collectbns 
called portfdbs. In a nnajor departure from the prbr art in the area of program and file managers, the JWS program 

5S 1 50 A has an integrated JWS Browser 1 54A that allows a user seamlessly to create and work with portfolbs that are 
remote (stored apart from the user's machine or bcal network) or bcal. Furthermore, the JWS browser 154A albws 
portfolios to be assembled that are mixtures of bcal and remote 'projects'. 

The term 'projects' is defined for the purposes of this document to mean the components of a portfolb. 
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The user interlace of the present invention facilitates user interaction with mixed objects, such as a portfolio con- 
sisting of both local and remote projects, by providing a single paradigm for working with all objects regardless of the 
objects' locations. Of course, there are differences between working with remote and local objects. For example, ex- 
ecuting a Java applet stored on a remote computer is a vastly different task from executing a standatone program 
5 stored locally. These differences are handled in the JWS program 150A. However, the user interface of the present 
invention allows a user to initiate the execution of the remote applet or the local program in the same way (e.g. by 
double-clicking an icon representing the applet). How the user interface of the present invention provides this location- 
transparency flexibility is now described in reference to Figure 1 . 

Referring to Figure 1 , the memory 1 06A includes a set of JWS files 1 1 0A that collectively define the user interface, 

70 methods and data files that compose the Java Workshop (JWS). More specifically, the JWS files 1 1 0A include the JWS 
program 150 (hereinafter referred to as the "JWS"). JWS browser 154A and a group of interface files called the JWS 
toolbar specification 112A. The JWS toolbar specification 11 2A is composed of four sub-groups of files: icon specifi- 
cations 114A, web documents 120A, JWS applets 140A and other referenced files 148A. The elements 11 4A, 120A, 
140 A, 1 48A specify the appearance and, nnore importantly, the operation of a set of icons (lAi) 162Ai that are displayed 

75 on the display 1 08 A as elements of a JWS toolbar 1 60. The JWS toolbar 1 60, which is a key element of the JWS user 
interface, is displayed by the JWS program 150A on the JWS window 156A. The JWS window 156A also includes an 
applet window 164A that is controlled by JWS applets 140A that are executed by the JWS program 150A in the course 
of project, and/or portfolio management. 

Each icon lAi has a corresponding icon specification 1 1 4A that defines the icon's visual attributes 1 16Ai and spec- 

20 ifies a link(s) 118Ai to a Web document(s) 120Ai that lists an initial set of files that are to be baded and, possibly, 
executed whenever the icon lAi is selected. The links 118Ai can be to Web documents 120Ai that are stored on the 
local system (e.g. the computer 102A). in whk;h case a link comprises a local path and file name that can be handled 
by the file servk;e provided by the kx:al operating system (not shown). The links 118Ai can also be to remote Web 
documents (e.g., documents stored on the computers 102B, 102C) that can be retrieved over the internet by a con- 

2S ventional Web browser. Because the JWS program 150A incorporates a JWS Browser 154A that provides all of the 
features of a conventional Web browser, it does not matter where the Web document(s) 120Aj linked to a particular 
icon lAi are stored, nor does it matter on what type of platform the linked documents are stored. What is important to 
the preferred embodiment is that the JWS browser 154A is able to communicate with the remote platform hosting the 
Web document 120A1 via one of the standard communtcatkxis protocols supported by the Intemet, such as HTTP or 

30 FTP. If this is the case, the linked Web documents 1 20Ai will be automatk:ally downtoaded by the JWS browser 1 54A 
(triggered by the JWS program 150A) whenever their corresponding kx>n is selected. This eliminates many of the 
complexities that would be required in the prbr art to implement a similar feature linking k:ons to remote, executable 
documents. 

Each Web document 120A (which coukJ have initially been stored tocally or remotely before being toaded into the 
35 memory 1 06A) includes two elements: a title 1 22Ai and a set of references to its components 1 24 Ai. A Web document 
120A can also include embedded files (not shown); however, as Web browsers do not make a functk>nal distinction 
between embedded and referenced files, neither will this apptk^tkxi. As with the links 118Ai, the references 124Ai in 
the Web documents 120A can be to remote or k>cal files. In either case, they are handled by the JWS browser 154A 
in the same manner as described for the links IIBAi. One signifk:ant advantage of the present user interface is that a 
^ reference 1 24Ai can be to a Java applet 1 40AI that is responsible for handling the operations associated with the k;on 
lAi whose related Web document referenced the applet 140Ai. In this situatk>n, when the JWS browser 154A retrieves 
the web document 120Ai linked to a selected kxn lAi. it automatk:alty will pull in and begin executing the referenced 
applet 140A (whk:h could have been stored on a renrK>te system). The applet 140Ai. running in the JWS browser's 
virtual nr^chine. can then implement the kxxi's associated operations without needing to worry about network and 
'f5 operating system complexities, which are handled respectively by the local operating system and the JWS browser 
154A. 

In the preferred embodiment, a single JWS applet 140Ai is referenced in each Web document 120Ai. This single 
applet controls or directly implements all of the functions associated with one kx)n lAi. For example, in the preferred 
embodiment, a spell checker icon IA1 couM be linked via a Web document 1 20A1 to a remote applet 140A1 that, once 

so downteiaded to the computer 102A and executed by the JWS browser 1 54A, spell-checks the appropriate document 
(s). Altemativety. a Web document 120Ai can reference many applets 140Ai. For example an kxxi IA2 couki be linked 
to a Web document 120A2 that references a spell-checker applet and a grammar-checker applet so that both are 
automatically brought up by the JWS browser 154A whenever the icon [A2 is selected from the toolbar 160. In addition 
to applets, a Web document of the present embodiment can reference other types of components 1 48A, including data 

55 and image files. 

Referring to Figure 2, there is shown a data fk)w diagram illustrating the series of steps by which an applet is 
invoked in response to the selection of a partkiular icon 1 AI from the toolbar 1 60. Each icon selection event is nnonitored 
by the JWS browser 154A, which, following the selectk>n of the kx>n 1A1, retrieves the link 118A1 from the icon lAl's 
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specification file 114A1. Via the link 118A1, the icon IA1 is associated with the Web document 120A1, which is auto- 
matically loaded by the JWS browser 1 54 A. The JWS browser 1 54 A then loads all of the files referenced in the document 
1 20 A1 and also executes any of the referenced files that are executable (i.e.. the applets). In this example, it is assumed 
that there Is one referenced executable, the applet 140A1. Once it is active, the applet 140A1 can take control of a 
portion of the display 108A (e.g., the applet window 164A), on which it can display results, dialog tx>xes and icons that 
facilitate user interactbn with the applet's functions and capabilities. 

Referring to Figure 3, there is shown a data structure diagram setting out additk>nal details of data rtenns stored in 
the memory 106A that are used by the Java Workshop Program 150A. These data items include icon specificatkxis 
114Ai that define the visual attributes 116Ai and Web document links 118Ai for icons lAi displayed by the JWS 150A 
on the toolbar 160. These icons (shown on Fig. 2) include a portfolio manager icon IA1 \ project manager con IA2, text 
edit project icon I A3, build/compile icon IA4, source browse rcon IA5, debug icon IA6, run icon IA7 and help icon IA8. 
When selected, the icons IA1-IA8 respectively allow a user to access the following capabilities (and menus) provided 
by the Java Workshop 1 50A for working with JWS portfolios and projects: 

I A1 : provides access to the portfolio manager applet 1 40 A1 , whk;h displays the projects in the current portfolio; 
IA2: provides access to the project manager applet 140A2, in which the user can edit project information; 
I A3: provides access to a JWS text editor applet (not shown) in which the user can edit project source code; 
I A4: provides access to a JWS project compiler applet (not shown); 

IAS; provides access to a JWS browser applet (not shown) that altows the user to browse JWS source programs 

included in the other referenced files 148A; 
IA6: provides access to a JWS debugger applet (not shown) that alk^ws the user to debug JWS source programs 

included in the other referenced files 148A; 
I A7: provides access to a JWS project run method 1 46A2f that runs executable projects (i.e. , applets and standakxie 

programs); and 

IA8: provides access to a JWS help applet (not shown) that provides context-sensitive help for JWS operations. 

As described in reference to Figure 1 . in the preferred embodiment, an icon specification 114Ai includes a link to 
a Web document 1 20Ai that has a reference 1 24Ai to a single applet 1 40Aj that implements the operations associated 
with the corresponding icon lAi. Thus, the icon specrficatkxi 114A1 , whKh is associated with the portfolk) manager 
IA1, is linked to a Web document ('Portfolo.HTM') 120A1 that includes a single reference 118A1 to the portfolio man- 
ager applet 140A1. Similarly, the icon specificatkxi 114A2, whch is associated with the project manager icon IA2, is 
linked to a Web document ("Project.HTM") 120A2 having a single reference 118A2 to the project manager applet 
1 40 A2. These applets 1 40A1 , 1 40A2 provkie methods 1 46A1 , 1 46A2 that can be applied respectively to portfolios and 
projects. 

The methods 146Ai are made available to users as options on menus 147Ai that are displayed when their asso- 
ciated applet's icon is selected. For example, the portfolio manager's methods 146A1 are displayed as options on a 
'Portfotb* menu 1 47A1 . In conventional GUI fashion, when one of the methods/optk)ns is subsequently selected from 
its parent menu, that optbn's submenu, or page, is then displayed by the JWS 150A and enabled for user interaction. 
Many of the submenus 147Aij provided by the preferred embodiment; e.g., the Project->Create, Import. Choose, and 
Remove submenus 147A1a, 147A1b,147A1c, 147A1d and the Project->Create. Import, Choose, Rerrxwe, Run and 
Copy submenus 147A2a, 147A2b, 147A2c. 147A2d, 147A2e, 147A2f respectively provide a list of portfolbs and 
projects to which the submenus associated method can be applied. For example, referring to Figure 4. there is shown 
an instance of the Portfolio->Choose submenu 147A1c listing a set of portfolios (Portfolb 1 , Portfolio 2, Portfolio 3) for 
the Portfolio->Choose method 146A1c. Figure 4 also shows the portfolio menu 147A1 listing the portfolio nrtanager 
methods 146A1 (Create. Import. Choose, Remove). 

Referring again to Figure 3, the methods 146Ai of the JWS applets 140Ai are now described from the vantage 
point of a user working with their respective menus 147Ai and submenus 147Aij. Most of this discussion focuses on 
the methods of the portfolio and project manager applets 114A1, 114A2. whk:hare key elements of the JWS 150A. 

Portfolio Manager Methods 

The portfolio manager applet 140A1 provides four methods 1 46A1 that respectively alk^w a user of the JWS 1 50A 
to 'Create* 146A1a, "Import" 146A1b. "Choose" 146A1c and "Remove" 146A1d portfolos. Each of these methods 
146A1 accomplishes its respective task by interacting with a set of portfolb files 160Ai, each of which can be stored 
on the kx:ai or remote systems and represents one porttolk>. As shown in Figure 3, a generic portfolio file 160A includes 
a collectkDn of references 162A1i to its portfolio's constituent project files 170A. As with other file references in the 
present invention, a project reference 162Ai can be to a locally^tored project, in whbh case the reference is a local 
file name ("Name"), or to a Web document, in which case the reference is a URL. 
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For example, referring to Figure 5, there is shown a portfolio file 160A1 that contains project file references 162A1j 
for its constituent projects, which include an 'Applet', a 'Standalone* program, a Java "Package', an 'Image' and a 
•Remote' applet, all of which are local projects stored in the user's 'home' (i.e.. local) directory in the memory 106A. 
Because these projects are all stored in the user's "home" directory, they can be read and written by the user and their 
5 corresponding project files can be referenced by path and file name. For example, the reference 1 62A1 a to the applet 
project file 170A1 is '/home/Applet. prjV The portfolio file 160A1 also includes a reference 162A1f (/lib/semiRemote. 
prj) to a project file for a read-only project ('SemiRemote') stored in a library directory on machine A and a reference 
162A1g (http://B. com/Internet. prj) to a project file 170B1 for a read-only project ('Internet') stored on machine B that 
can only be accessed over the Intemet using the JWS browser 154A. 

^0 Referring again to Figure 3, in the preferred embodiment, each user has a persona) portfolio (with a corresponding 

portfolio file 160Ai) that contains only the projects that belong to that user. When the JWS 150A is initially activated, it 
brings up the personal portfolio as the current, or active, portfolio. Using the portfolio manager's 'Choose' method/ 
option 146A1C, the user can choose another portfolio 160Ai to be the current portfolio. A user does this by selecting 
from the Portfolio->Choose submenu 147A1c (this terminology designates the Choose submenu that is displayed by 

'5 the JWS 150A following the user's selection of the Choose option from the Portfolb menu 147A1 ) listing all available 
portfolios, the desired portfolio's file name (if it is local) or URL (if it is remote). The user can then view the projects 
composing the current portfolio by selecting the portfolio manager icon IA1 from the JWS toolbar 160. In this and other 
situations described herein, the applet being executed displays its results and menus on the applet window 164A. 
A user of the JWS 1 50 A can create a new portfolio by selecting the portfolio manager's 'Create' option and then 

20 entering the name of the portfolio to be created. In response, the JWS 1 50A calls the Portfol)o->Create method 1 46A1 a. 
which creates the corresponding portfolio file 1 60A on the focal system, displays its name in the toolbar 1 60A and adds 
the portfolio's name to the Choose and Remove submenus 147A1c, 147A1d. The newty-created portfolio has no 
projects, but the user can add projects in the Project->Create submenu 147A2a (described below) or import existing 
projects into the portfolio with the Project->lmport menu item 147A2b (also described below). Once the new portfolio 

25 has been created, its creator can keep it private or can publish it on the Intemet to be accessed by others. 

A user can also Import existing portfolios that are not currently in their Portfolio->Choose submenu 147A1c. To 
import such a portfolio, the user first selects the Import option listed on the Portfolio menu 147A1. This triggers the 
Portfolio->lmport method 146A1b to bring up an import submenu with a name field in which the user enters the file 
name or URL of the portfolio to be imported and an import button that the user clicks when they have completed their 

30 entries. In response, the import method 147A1c adds the portfolio name to the Portfolio->Choose and Portfolio->Re- 
move submenus 147A1c, 147A1d. The JWS 150A also changes the current portfolio to the imported portfolio. Once 
it is on the Portfolio->Choose submenu 147 Ale, the imported portfolkj can be worked with like any other portfolio! 

A user can remove a portfolk) by selecting the portfolb to be removed from the Portfolk?->Remove submenu. In 
response, the JWS 154A calls the Portfolio->Remove method 146A1d, which removes the selected portfolio from the 

35 Choose and Remove submenus 1 47A1 c, 147A1 d, but does not delete the portfolb's corresponding portfolk) file 1 60 A. 
Because the portfolb file is not deleted from the user's system, the user can at any time import the portfolio using the 
Portfolio-> Import option 146A1b. 

Each project file included in a portfolio has a corresponding project file 1 70 A that describes the project and contains 
the project's contents. More specifically, each project file 170A contains the fotbwing tnformatbn: 

40 

(1 ) the name 172A ot the project; 

(2) the project type 174A (Java applet (APPLET), standalone program (STANDALONE), Java class library (PACK- 
AGE), data file (IMAGE), an imported copy of a remote project of one of these four prevbusty described types, or 
a remote applet (REMOTE)); 

(3) project administratbn informatbn 176 A, including whether the source code for the project should be distributed 
1 78A to others requesting the project over the Intemet and project optbns 1 80A; 

(4) the project contents 182At which can include the actual project contents and/or a set of references to other 
project files 1 70Ai, enabling multiple levels of embedded projects; and 

(5) a run page URL 184A (applbable only for applet projects), which is the URL of the HTML file that includes an 
so applet tag for the applet project. 

This information determines whbh of the project methods provided by the JWS 150A can be employed by a user 
on a particular project. These project methods 146A2 are now described. 

55 Project Methods 

The JWS 150A provides several methods for working with projects. These methods are made available to users 
as optbns on a Project menu 147A2. When one of these methods/opt kxis is selected, the JWS 150A displays a cor- 
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responding submenu 147A2j from which the user specifies additional details of the operation. The project methods 
146A2 include: Create 146A2a, Import 146A2b, Choose 146A2c. Edit 146A2d, Remove 146A2e. Run 146A2f. Copy 
146A2g, and Paste 146A2h, 

These methods allow a user to work with existing projects (local or rennote) or create new projects. In either case, 
projects always exist in the context of a portfolio. When a project is created, ft becomes the current project in the current 
portfolio. 

A user can create a Java applet project, a standalone program project, a Java package project, an image project 
or a remote project. To create any of these projects, the user first "Chooses" the portfolio with which the project is to 
be associated and selects the 'Create' option from the Project menu 147A2, upon which the JWS 150A calls the 
Project->Create method 146A2a. This method 146A2a displays the Project->Create page 147A2a. on whrch the user 
selects the type of project they wish to create (e.g., if the user wishes to create an applet, they click on an applet button 
displayed on the submenu). The user then specifies the name of the package to be created and the local directory in 
the menrory 106A in which the package's corresponding project file 170Ai is to be stored. Once the user has specified 
the attributes for the project the Project->Create methods adds a reference 162Aij to the project's corresponding project 
file to the portfolb file 170Ai of the current portfolio 160AI. 

In some situations (when the project being created is an applet, standalone program or Java package) the user 
may also have access to source code for the newty<created project. In these situatnns, the user enters the file names 
of the corresponding source files on the Project->Create page 147A2a. The JWS 150A adds these source file names 
to a 'Sources' list maintained in the mennory 106A so the source files can be accessed by the user (e.g., for editing 
and compilation). Ttie user also enters the name of the main file for the program (i.e., the file that contains the 'nnain' 
routine) of which the newly created project is a part. When the project being created is a Java applet, it is possible that 
the Java applet is referenced in an HTML page so that, when the applet's reference is selected, the applet will be 
executed. The JWS 1 50 A altows such relationships to be represented via a Run Page URL field in the Project-Create 
page in whk;h the user optionally enters the name of the HTML page that executes the applet. 

When the user is creating an image project, after Choosing 'image' from the Project->Create submenu 147A2a, 
the user enters the name of the innage project and the URL of the corresponding image file. The user can then optionally 
enter attributes associated with the image, such as: 

(1) the image's alignment with respect to surrounding text (e.g., choosing 'bottom' alignment causes a browser 
displaying the image to align the bottom of the image with the bottom of the text); 

(2) whether the image is active (meaning that a person viewing the innage can clk^k on different regbns of the 
image to produce different actions); and 

(3) an optkxial text string that can be displayed in tieu of the innage by browsers that are not able to display the image. 

Once the user has filled in this information for the image project they are creating, the user clk:ks on the 'Apply' 
field of the Project->Create page 147A2a, upon which the Project ->Create method 146A2a makes the newly created 
image project the current project and displays the image in the Applet window 1 64A. The Create method 146A2a also 
adds the image project name to the Choose. Edit and Remove submenus 147A2c, 147A2d, 147A2e in the Project 
menu 147 A2 and adds the name of the corresponding project file 170Ai to the portfolo file 160Ai associated with the 
current portfolb. 

A user of the JWS 1 50 A can import any type of project into one of their personal portfolios. They do this by choosing 
the portfolio they wish to be the current portfolio, selecting the 'Import' optkxi from the Project menu 147A2 and then 
entering the name or URL of the project to be imported on the Project->lmport page 1 47A2b that is displayed by the 
Project->[mport method 146A2b. After entering the necessary information, the user clicks an 'import' button displayed 
on the import page 147A2b, upon which the import method 146A2b imports the designated project into the current 
portfolio and adds the project name/URL to the Project->Choose, Edit, Remove and Run subnnenus 147A2c, 147A2d, 
147A2e and 147A2f. The import noethod 146A2b also adds the name of the imported project's project file 170Ai to the 
current portfolto if it is not already contained therein. The JWS 150A does not make the imported project the curent 
project, but the JWS 150A will display the imported project if the user subsequently selects the Portfolio Manager con 
IA1 from the toolbar 160. 

The JWS 150A allows a user to create a remote applet project. The user does this by 'Choosing' the current 
portfolio, selecting the 'Create' optkxi from the 'Project' menu and clicking the 'remote applet' button displayed on 
the Project->Create submenu 147A2a. The user then enters the name of the project and the URL of the HTML page 
that executes the applet. Once these fields have been completed, the user exits the Project->Create submenu 147A2a 
by clicking on 'Apply". The create method 146A2 then creates a project file 170Ai with empty contents 182Ai and a 
run page URL fiekJ 184AI that is set to the URL of the HTML page that executes the applet. For example, referring to 
Figure 5, the remote project file 170A5 has a run page URL 184A5 set to the URL ('httpy/C. com/Run Applet2.htm') of 
the Web page ('RunApplet2.htm') that runs the temole applet 'Applet2'. The create method 1 46 A2 also adds the name 
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of the project file 170Ai to the current portfolio's portfolio file 160Ai. The JWS 150A then makes the imported project 
the current project, loads the Portfolio Manager 140A1 and selects the current project to be displayed by the Portfolio 
Manager 140A1 . The JWS 150A then adds the imported applet project's name to the Choose, Edit, Remove, Run and 
Copy submenus 147A2c. 147A2d, 147A2e, 147A2f in the Project menu 147A2. 

A user can then run the rennote applet by selecting its name from the Project->Run submenu 1 47A2f or by loading 
the Portfolio Manager, selecting the remote project and then pressing the Run button IA7 on the toolbar 160. The 
Project->Run method 146A2f then passes the URL of the Web page referenced in the run page URL field (e.g., 184A5) 
of the remote applet project file (170A5) to the Web browser 154A, which downloads the referenced Web page (http: 
//C. com/Run Applet2.htm) and runs the remote applet (Applet2). 

If a user does not specify a Run page URL 184Ai in an applet's project file 170Aj, that applet project can still be 
run using the Project->Run method 1 46A2f. In this situation, the Project->Run method 146A2f automatically generates 
a new Web page that contains an applet tag created with the project attributes and parameters entered by the user on 
the Edit Project 146A2d run folder. This automatically generated HTML page is loaded into the JWS 150A, which uses 
the browser 154A to run the applet project. This feature allows users tc execute applets without having to know the 
HTML syntax for referencing applets. 

The Copy method 146A2g of the Project Manager 140A2 allows a user of the JWS 150A to copy an applet into 
an HTML file that executes the applet without requiring the user to know the HTML syntax for referencing applets. The 
user does this by first selecting (single-clk;king on) an applet project in the current portfolk) and then selecting the Copy 
option from the Project menu 147A2. This set of actions causes the Copy method 146A2g to copy the contents 182Ai 
of the selected applet project to a clipboard (not shown) maintained by the JWS 150A. The user then selects the Text 
Editor Icon I A3 from the toolbar 160A, upon which the JWS 150A executes the Editor method 146A2d. The editor 
method 1 46A2d brings up a text editor containing an Edit menu 1 47A2d, which includes a list of editing options, including 
'Paste'. The user selects the 'Paste' option from the Edit menu 1 47A2d, upon which the paste method 1 42A2h pastes 
the contents of the clipboard (I.e., the applet being copied) Into a new file. The user can then save the new file as an 
HTML file, whk;h causes the JWS 1 50 A to add to the saved HTML rile the appropriate links to the copied applet. As 
with other new projects, the JWS 1 50A adds the file name of the new HTML file 1 70 Ai to the current portfolio's portfolio 
file 160Ai. Alternatively, the user can simply drag the image of the applet to be copied onto the image of an HTML file 
they wish to include the applet. The JWS 150A wilt then copy the contents of the applet to the designated HTML file 
and add to the HTML file tags referencing the copied applet. 

The Project->Edit method 1 46A2d also allows a user to edit projects of all types. The Edit method 146A2d can be 
invoked by a user of the JWS 1 50A in one of two ways. First, the user can click on the Edit Project icon I A3 displayed 
on the toolbar 160 to invoke editing (i.e., the editing method 146A2d) on the current project. Second, the user can 
select the name of the project to be edited from the Project->Edit submenu 147A2d Once editing is selected for a 
designated project, the JWS Editor method 146A2d opens an edit page 147A2d that includes six fokiers in which the 
user can edit information for the designated project These six folders and their associated informatkxi include: 



General infomr^tkxi about the project, including name, type and source directory 

Build information needed to compile the project 

Debug/Browse Information needed to debug and browse source files 

Run informatkxi needed to execute an applet or standalone program in the JWS Browser; 

Publish infomr^tion needed to allow the project to be copied by other users; and 

Portfolio Portfolio infomnatkxi needed to display the project in the Portfolio Manager 



The project->edit method 146A2d albws a user to edit fiekls in these six folders only where appropriate. To assist 
the user, the edit method 146A2d greys out inapplicable fields. Whether or not a field is applcable depends on the 
type of the project being edited and whether the project is kx:al or remote. For example, the edit method 146A2d will 
not alk>w a user to edit fiekte in the Debug/BBrowse fokier for a project that is not a source file. The informatkxi that 
can be entered by a user in the General, Build, Debug/Browse and Run foklers is rTK)stty convent kxial, so it is not 
described in great detail. However, what is unque about the editing information in these fokjers is that the JWS 1 50A 
allows users to provkte informatk>n for remote as well as local projects identified by file names or URLs. This allows a 
user to specify, for example, that the source code for a particular project to be debugged or browsed exists on some 
remote node. This is not possible in conventional program and file management systems. 

Because the preferred embodiment of the JWS 150A albws a user to empk>y portfolios and projects from remote 
sources and to publish their own portfolk>s and projects for others' use. this embodiment also provkjes a way for creators 
of a project to indicate certain attributes of a project that are relevant to publicatk)n of a project on the Internet. These 
publication attributes are contained in the Publish and Portfolb Fokiers. whk^h include the following fields: 
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Pofttolio Folder 

Description a brief description of the project that is displayed by the JWS Browser when the mouse is 

positioned over the project image in the Portfolio Manager; 
s Portfolio image URL the URL for the image file (GIF, JPEG, or other) that represents the project image in the 

portfolio (If no image file is specified, a default GIF file is used by the JWS 150A); and 
Features the general characteristics of the project, for example, whether the project is video, graphics 

or audio. 

10 Publish Folder 

Distribute source copies a toggle field with two values (YES/NO) that controls whether the project's 

source files are copied when the project is copied from one portfolio to another 
(when this field is set to NO, the JWS only altows the corresponding project 
IS files 1 70Ai to be copied absent the contents 182A); and 

Submitter Name, E-IMall and URL The name, e-mail address and Web page of the person adding the project to 

the portfolio. 

A user can change the current project (i.e., the project being worked with in the JWS 150A) in one of two ways. 

20 In the first, the user starts by selecting the Portfolio Manager icon I A1 from the JWS toolbar 1 60. This causes the JWS 
150A to open a Portfolio display showing the projects of the current portfolio in the Applet Window 164A, The user 
then selects from the Portfolio display the project they want to be the current project. The JWS 1 50 A makes the selected 
project the current project and displays the name of the current project on the JWS toolbar 160. Alternatively, the user 
can change the current project by choosing the project name from the Project->Ghoose submenu 147A2c 

2S The JWS 1 SOAalbws a user to remove a project from a portfolio in one of the following ways. First, in the portfolio 

manager display in the applet window 164A. the user can select the project they wish to remove and then click a 
Remove k:on (not shown) provided by the Portfolio Manger 140A1. Alternatively, they can choose the name of the 
project to be removed from the Project->RerT»ve submenu 147A2e. In either case, once the user has indk:ated the 
project to be removed, the Project->Remove method 146A2e removes the project from the Choose, Edit, Remove and 

30 Copy submenus 1 47 A2c, 1 47A2d, 1 47A2e, 1 47A2g of the Project Menu 1 47 A2. Note that the Project-> Remove method 
146A2e does not delete the removed project's project file 170Ai. This ensures that the user can subsequently import 
the project at a later time (using the Project->lmport method 146A2b) if required. 

Referring to Figure 6, there is shown an illustration of the user interface of the JWS ISOAthat highlights the resulting 
advantages of the present inventk)n. The eight icons IA1-IA8 of the JWS 150A are shown on the toolbar 160. Two 

35 portfolios (Portfolio 1 and Portfotk) 2) are shown on the applet screen 164A, whk;h is under control of the portfolio 
manager 140A1 . These portfolk>s represent two of the different types of portfolios that can be accommodated in the 
JWS 150A. Portfolio 1 is a local portfoln with a portfolio file 160A1 that includes three local projects PI a, Pib. Pib 
with corresponding project files 170A1a, 170A1b, 1701c. The shaded project P2a' in Portfolio 1 is a remote portfolb 
that was imported from Portfolio 2 over the Intemet by the JWS Browser 1 54A (Fig. 1 ) under control of the JWS 1 50 A. 

40 This project P2a' is represented in the memory 106A by the project file 170A2a'. Even though Portfolio 1 is mixed, its 
projects all are maniputable in the same fashkxi in the JWS 150A. 

Portfolio 2 is a remote portfolk) whose components are also stored remotely. The JWS 150A accesses the com- 
ponents of Portfotk) 2 over the Intenrtet using the JWS browser 154A but displays Portfolk) 2 in the same manner as 
Portfolio 1. Note that a local portfolk) such as Portfolb 1 coukJ also reference only remotely stored projects (e.g., 

45 projects stored on a machine B). This ability of the JWS 1 50A seamlessly to organize projects and portfolios that may 
be distributed over the Intemet is due to the integration of the JWS 1 50 A and the JWS Web browser 1 54A. The Internet- 
awareness of the present embodiment also enables users to publish their own portfolbs so they can be accessed and 
used by others over the Intemet. 

50 

Claims 

1. A portfolio management system for portfotk)s of software projects that are distributed over a set of networked 
computers connected to the Intemet, said portfolk) management system being resident on a first computer of sakJ 
55 set of networked computers and comprising: 

a set of portfolk) files, each of a subset of sati set of portfolk) files representing one portfolk) and including 
respective references to members of a set of project files, said references being selected from a file name 
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when said project file member is local to said first computer or a URL when said project file member is remote 
from said first computer; 

each member of said set of project files respectively specifying project attributes of one member of a set of 
projects, said set of projects being the projects associated said one portfolio; 
5 a portfolio manager including a set of user-setectabie portfolio methods that are configured to process said 

portfolios based on information in said portfolio files; and 

a Web browser that is configured to download to satd portfolio nr^anager system selected remote portfolb files 
from the Internet as said selected portfolio files are needed by said portfolio methods to process said portfolios. 

10 2. The system of claim 1 , further comprising: 
a user interlace that is configured to: 



display said portfolios, including the projects composing said portfolios, in a consistent fashion that is inde- 
pendent of location of said portfolios and projects; and 
IS enable user interaction with said portfolio methods so that the user can determine and manipulate the displayed 

portfolb using said portfolio methods. 

3. The system of claim 2, wherein a subset of said user-selectable portfolio methods comprises at least one of: 

20 a create portfolio method that is used by said portfolio manager to create portfolios; 

an import method that is used by said portfolio manager to import existing portfolios; 

a choose portfolio method that is used by said portfolio manager to designate which one of said portfolios to 

work with; and 

a remove portfolio method that is used by said portfolio manager to remove portfolios. 

25 

4. The system of claim 3. further comprising: 



a project manager including a set of user-selectable project methods that are configured to process said 
projects based on said project attributes in project files respectively associated with said projects; 
30 said Web browser being further configured to download to said portfolio nnanager system selected remote 

project files from the Internet as said selected rerrxste project files are needed by said portfolio methods and 
said project methods to process said projects; and 

said user interface being further configured to enable user interaction with said project methods so that the 
user can determine and manipulate displayed projects using said project methods. 

35 

5. The system of claim 4, wherein a subset of said project attributes comprises at least one of: 

a project name field; 
a project type field; 
40 a project administrative information field; 

a contents field; and 
a run page URL field. 



6. The system of claim 5, wherein said project type field has a value that is selected from a group of predefined values 
45 Including: 



'APPLET", signifying that said contents represent a Java applet; and at least one of: 
'STANDALONE', signifying that said contents represent a standalone executable program compiled to run 
on said first computer; 
50 'PACKAGE', signifying that said contents represent a Java class library; 

'IMAGE', signifying that said contents represent a data file; and 
■REMOTE', signifying that said contents represent a remote applet. 

7. The system of claim 6, wherein said contents field comprises at least one of: 

55 

(a) at least one reference to a group of embedded project files; and 

(b) contents of the project associated with said project file. 
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8. A method for use in a local computer connected via the Internet with a set of remote computers, said method 
enabling a user of said first computer to perform software development operatbns on software portfolios that are 
collections of projects, said method comprising the steps of: 

5 displaying a set of software development icons, including a portfolio manager icon and a project manager icon; 

enabling said user to select one of said icons; 

executing a software development object corresponding to the selected software development icon, said port- 
folio manager and project manager icons being respectively associated with a portfolio manager software 
development object and a project manager software development object; 
>o displaying a set of options associated with said executing software devetopment object that correspond to 

said executing object's associated software devetopment methods; 

enabling said user to select one of said set of options associated with said executing software development 
object and to specify as said object's input a software entity selected from a portfolio or a project; said software 
entity not being constrained to be located solely on said local computer, and 
executing said selected option's associated method on said selected software entity. 

9. The method of claim 8, wherein said software development methods associated with said portfolio manager object 
comprise at least one of: 

20 a portfolio create method; 

a portfolio choose method; 
a portfolio import method; and 
a portfolio remove method. 

25 10. The method of claim 9, wherein, 

(a) when said selected option is associated with said portfolio create method, said step of executing said 
associated method comprises: 

30 enabling sard user to enter a new name and new location for a new portfolio; and 

creating a new portfolio file corresponding to said new portfolio, said new portfolio having a name and 
location derived from said new name and new location; 

(b) when said selected option is associated with said portfolio choose method, said step of executing said 
35 associated method comprises: 

displaying a choose submenu including a list of user-selectable portfolios; and 
upon said user selecting a particular portfolio from said choose submenu: 

40 when said particular portfolio is remote, downloading a remote portfolio file corresponding to said 

selected portfolio via the Intemet and enabling said user to work with projects referenced in said 
remote portfolio file; and 

when said particular portfolio is local, accessing a local portfolio file corresponding to said selected 
portfolio and enabling said user to work with projects referenced in said local portfol» file; 

45 

(c) When said selected option is associated with said portfolio import method, sakj step of executing said 
associated nrtethod comprises: 

enabling said user to enter a name and location for an imported portfolio, said kx:ation being selected 
so from remote or local; 

when sakj location is remote, accessing a remote portfolio file corresponding to said imported portfolio 
via the Intemet and making said imported portfolo available to sakl user; and 

when said locatk)n is kx:al, accessing a local portfolio file corresponding to said imported portfoik) and 
nnaking said imported portfolb available to users; and 



55 



(d) when said selected optbn is associated with sakJ portfolio remove method, said step of executing said 
associated method comprises: 
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displaying a remove submenu including a list of user-selectabte portfolios; and 

upon said user selecting a particular portfotb from said choose submenu, making said particular portfolio 
unavailable to users. 

5 11 . The method of claim 8, wherein said software development methods associated with said project manager object 
comprise at (east one of: 

a project create method; 

a project import method; 
10 a project choose method; 

a project edit method; 

a project remove method; 

a project run method; 

a project copy method; and 
'5 a project paste method. 

12. The method of claim 11, wherein, 

(a) when said selected option is associated with said project create method, said step of executing said as- 
20 sociated method comprises: 

displaying a project create menu on which said user enters attributes of a new project, said attributes 
including a project type name and location, said project type being selected from a predefined set of values, 
including applet and at least one of standalone program, Java package, image file and renx>te applet; 
2S writing said attributes to a new project file having a project file name and location that are derived from 

said project name and kx:ation; 

when said project type is selected from said applet, standalone program or Java package values: 

enabling said user to enter source code links to source code files associated with said new project; and 
30 writing said source code links to said new project file; and 

writing into a particular portfolio file associated with a particular portfolb of whk;h said project is a com- 
ponent, said project name and project location so that said project can be accessed via sakj partrcular 
portfolk> by said portfolio and project methods; 

35 

(b) When said selected option is associated with said project import method, said step of executing said as- 
sociated method comprises: 

enabling said user to enter a name and locatkxi for an imported project, sakl kx:ation being selected from 
40 remote or kx:al; 

when sak) kx^atkxi is remote, accessing a remote project file corresponding to sakj imported project via 
the Intennet; 

when said location is kx^l, accessing a local project file corresponding to said imported project; and 
adding a reference to the imported project's project file to a particular portfolio file associated with a par- 
45 ticular portfolb of whk:h sakj imported project is a component so that satd imported project can be ac- 

cessed from said partksular portfolk) by said portfolk) and project methods; 

(c) when sakJ selected option is associated with said project copy method, said step of executing sakJ asso- 
ciated method comprises: 

so copying contents of a first user-selected project to a clipboard; 

(d) when said selected option is associated with said project paste method, sakj step of executing said asso- 
ciated method comprises: 

pasting contents of sakj clipboard into a second, user-specified project; such that, when said first user- 
selected project has a project type of applet and saki copying step is folbwing by sakj pasting step, said 
S5 pasting step comprises writing said clipboard contents to sakj second project using an HTML applet tag; 

(e) when said selected option is associated with said project run method, said stop of executing said associated 
method comprises: 
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enabling a user to select an executable project to be run; and 

when said executable project has a project type value of applet and has an associated project file that 
does not specify a run page URL for an HTML page that is configured to execute said executable project, 
generating a new HTML page containing an applet tag with tag attributes and tag parameters based on 
s said project attributes of said executable project. 

13. In a set of networked computers connected to the tntemet that includes a first computer and a subset of remote 
computers, a computer-readable menriory configured to direct said first computer to process software portfolios 
that can be located on said remote computers and whose components, or projects, can be distributed across said 

10 remote computers, said computer-readable memory comprising: 

a set of portfolb files, each of a subset of said set of portfolio files representing one portfolio and including 
respective references to members of a set of project files, said references being selected from a file name 
when said project file member is local to said first computer or a URL when said project file member is rennote 
'5 from said first computer; 

each member of said set of project files respectively specifying project attributes of one member of a set of 
projects, said set of projects being the projects associated said one portfolb; 

an executable portfolio manager object including a set of user-selectable portfolio methods that are configured 
to direct said first computer to process said portfolios based on infornr^tion in said portfolio files; and 
20 an executable browser object that is configured to direct said first computer to download selected renrx^te 

portfolio files from the Internet as said selected portfolio files are needed by said portfolio methods. 

14. The computer-readable memory of claim 1 3, further comprising; 

an executable user interface object that is configured to: 

25 

direct said first computer to display said portfolios, including the projects composing said portfolios, in a con- 
sistent fashion that is independent of location of said portfolios and projects; and 

direct said first computer to enable user interactbn with said portfolio methods so that the user can determine 
and manipulate the displayed portfolio using said portfolio methods. 

30 
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